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ERROR CORRECTION ENCODING AND
DECODING SYSTEM

This application is a continuation of application Ser. No.
07/913,019 filed Jul. 14, 1992, now abandoned.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an error correction encod-
ing and decoding system. More particularly, this invention is
concerned with an error correction encoding and decoding

system for producing a product code using inner codes and
outer codes.

2. Related Background Art

When digital data transmission is performed to, for
example, record or reproduce digital data on or from a
magnetic recording medium, low-frequency components of
digital codes to be recorded or transmitted on or to a
magnetic recording medium or a transmission line must be
suppressed. One of the suppressing methods is n-to-m
conversion in which n-bit data is converted into m-bit (m>n)
data having less low-frequency components. This method,

however, increases redundancy and the amount of transmis-
sion data.

Mapping encoding, for example, does not increase redun-
dancy. The mapping encoding method can apply to image
data or other data whose codes are closely correlated. This
method 1s based on a characteristic that differential signals
produced by performing differential encoding on input codes
tend to concentrate in the vicinity of a zero level. To be more
specific, the differential signals around the zero level are
converted 1nto codes of small digital sum values (hereafter,
DSYV), and thus low-frequency components of the code array
arc suppressed. 4-to-4 mapping encoding, for example,
converts 4-bit differential codes into 4-bit codes.

The mapping encoding uses the correlations among code
arrays. Therefore, low-frequency components of codes that
are not correlated cannot be suppressed. Error-detecting
codes or error-correcting codes are not correlated to one
another, in general. Therefore, the low-frequency compo-
nents of a code array made up of information codes and
error-detecting or correcting codes for the information codes

are suppressed less efficiently. This results in a high decod-
ing error rate.

FIG. 1 shows an example of a data frame structure for
transmitting a code array. The information data area contains
apped codes. To the inner code area, check points (error-
correcting codes) of hamming codes or Lead Solomon codes
are allocated. FIG. 2 shows a configuration of a data matrix
in which data frames, one of which is shown in FIG. 1, are
arranged lengthwise and a check point (outer code) is also
allocated longitudinally. The data matrix is represented as a
product code whose size is provided as a product of trans-
verse codes by longitudinal codes. This matrix has check
codes arranged two-dimensionally, which, therefore, is suit-
able for treating image data and other two-dimensional data.

However, assuming that data frames in the data matrix
shown in FIG. 2 are to be transmitted sequentially, when

inner codes continue, mapping encoding cannot suppress
low-frequency components because of no correlations.

In particular, when it comes to transmitting a data frame
made up of only check points of outer and inner codes, check
points continue for a long time. This deteriorates the effi-
ciency of suppressing low-frequency components markedly.
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2

The present applicant invented a method of scattering
check points of data frames among information codes as
shown in FIG. 3, and disclosed the invention in U.S. Pat. No.
4,779,276. As for outer codes forming a product code, the
applicant invented a method of re-arranging outer codes
produced from columns of a data matrix into rows of the
data matrix, then transmitting the outer codes in rows.

However, the former method does not care about outer
codes of a product code shown in FIG. 2. The low-frequency
components of a data frame made up of only check points of
outer and inner codes are not suppressed very efficiently. The
latter method has solved this problem. However, an outer
code generating mode must be varied in columns, and an
outer code encoding start point must also be altered in
columns. In particular, when many check points of outer
codes are generated, a pattern in which outer code check
points do not continue transversely must be selected. Thus,
the latter method requires complex processing.

Under these circumstances, the present applicant filed
U.S. patent application Ser. No. 491,812 on Mar. 12, 1990
to propose the method below. A data matrix for transmitting
data in the order shown in FIG. 4 is scanned as indicated
with arrows in FIG. 5 to extract information codes (data) for
generating outer codes, then the outer code check points are
generated. As disclosed in U.S. Pat. No. 4,779,276, when
reference row manipulation is performed on the rows and
columns of a check matrix for generating check points, outer
code check points can be scattered within a two-dimensional
array 1n memory as shown in FIG. 6. In FIG. 6, outer codes
are arranged obliquely. Thus, a data matrix with outer codes
thus appended is scanned transversely (in rows), then data is

sent to succeeding rows. Thereby, outer code check points
are scattered on a time base.

FIG. 7 1s a block diagram showing an example of a
configuration of a code transmitting system that performs
encoding based on oblique scanning shown in FIG. 5. In
FIG. 7, 10 denotes an input terminal for inputting informa-
tion (for example, image signals ) to be recorded. A mapping
encoding circuit 12 establishes the correlations among infor-
mation entered at the input terminal 10 and suppresses
low-frequencies of the information. The data whose low-
frequencies are suppressed by the circuit 12 is written in a
memory 14 to create a data matrix. Information codes of the
data matrix stored in the memory 14 are read out obliquely
as shown in FIG. § under the control of an address control
circuit 16, then applied to an outer code encoding circuit 18.
The outer code encoding circuit 18 generates outer codes.
The generated outer code parity bits are written at prede-
termined locations in the data matrix in the memory 14. The
data matrix in the memory 14 are read transversely, then the
read data is applied to an inner code encoding circuit 20. The
inner code encoding circuit 20 produces inner code parity
bits, and applies the parity bits to a synchronism addition
circuit 22. The synchronism addition circuit 22 appends
synchronization codes to the data. A recording circuit 24
records outputs of the synchronism addition circuit 22 on a

magnetic tape, a magnetic or optical disk, or other recording
medium.

Here, computation for parity bit generation will be
explained briefly. Codes for which a parity bit is generated
or M-symboled main information codes are regarded as a
matrix I. The matrix I is represented as follows:

I:(il, iz, i3, . . . iM)

Then, an error-detecting/correcting code word X is repre-
sented as follows:
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X':(ilr 121 13: T T iM: x]: Xz, x’j:

- - o Xg)

where, X, to X, represent parity bits. I and X are conditioned
as X=I-G, wherein G represents a generation matrix of M
rows by (M+K) columns. This matrix computation provides
outer codes or parity bits x; to x,. The generation matrix G
18 given by the expression (1), wherein the first to M-th
columns whose diagonal elements are s form a reference
matrix and the (M+1)-th to (M+K)-th eolumns form a matrix
of elements P,

1,7
1000 0P, Py, Py 1
0100 0Py Pas Pgn
0010 0P P Pg3
(5 =
0000 1 Pyt Py Pgm

FIG. 8 1s a block diagram showing an example of a
configuration of a parity calculating circuit that executes
matrix computation X=I-G. A generation matrix ROM 11
contains elements P, ; of a generation matrix G at addresses
assoclated with elements of information I read from a
memory 14, inputs column and row addresses an address
control circuit 16 generates via a terminal 9, then outputs
coeflicients for the corresponding elements P; . A Galois
field multiplier 13 multiplier the elements P, retneved from
the generation matrix ROM 11 by the element of the
information I to produce a Galois field. An adder 15 and a
delay circuit 17 accumulate outputs of the Galois field
multiplier 13. Thus, matrix computation is completed.
Herein, Galois field addition pertains to EXCLUSIVE-OR
in bits.

As described previously, a data matrix of information
codes 18 scanned obliquely to extract the information codes
for producing error-correcting code words. Then, parity
check codes are produced. When the parity check codes are
appended to a data matrix of information codes row by row,
no data frame includes only parity check codes of outer and
inner codes. Therefore, low-frequency components are sup-
pressed efficiently.

The above procedure is easier than a procedure in which
outer codes are generated in columns of a data matrix of
information codes and appended transversely.

However, since information codes are extracted obliquely,
an access address for accessing a memory 14 must be varied
transversely and longitudinally according to a predeter-
mined program. Furthermore, an address for accessing a
generation matrix ROM 11 must also be varied transversely
and longitudinally. This disables high-speed processing.

10 be more specific, an outer code encoding circuit 18
must repeat a sequence of operations; reading information
codes from the memory 14, generating outer codes, then
writing the generated outer codes (and read information
codes) in the memory 14, and thus complete a whole data
matrix. Therefore, a memory of high accessibility must be
used.

As described previously, information is scanned obliguely
with respect to a direction of data transmission to generate
outer codes. Therefore, row addresses or addresses pointing
to transverse locations of information data in a matrix shown
in FIG. §, and column addresses or addresses pointing to
longitudinal locations of information data in the matrix are
required to read elements P; ; from a generation matrix ROM
11. Furthermore, generatlen matrix coeflicients necessary
for calculating outer codes differ with a generation matrix.

10

15

20

235

30

35

40

45

50

35

60

65

4

Theretfore, the generation matrix ROM 11 must have a very
large capacity. For example, in a data matrix shown in FIG.
9, assuming that the first information code array I, is
represented as:

I1':(i1,1 iz,l i3,1 - iM,l)

and an error-correcting code word for the first information
code array I, is X;, and that the second information code
array 12 is represented as:

Iz=(i1,2 iz,z ia,e i4,2“ - iM,z)

and an error-correcting code word for the second informa-
tion code array I, is X,, X, and X, are provided by the
expressions (2) and (3) below.

(2)

Xf — (f;,f iz.: fs,f v e fM,f)

1000 0Py Py Pk

0100 0 PLQ Pgﬁz PK,E

0010 0 P3Py Pk
X

0000 0Py Pon Pgum
Xy=(20521032 . i) (3)

1000 0P Py Pg 1

0100 O P17 Py Pgo

0010 0 P13 Py3 Pgs
X

0000 O Py Pog Py

When the error-correcting code word X, is generated, data
1s read {rom the data matrix in an order different from a
transmission order. Thus, information data I, is extracted.

In encoding based on oblique scanning, a complex
manipulation is required to convert calculated error loca-
tions into column and row addresses of information data
during decoding.

SUMMARY OF THE INVENTION

The object of the present invention is to provide an error
correction encoding system for extracting information codes
obliquely from a data matrix of the information codes and
producing error-correcting codes, and thus realizing high-
speed processing.

Other object of the present invention is to provide an error
correction encoding system for performing parallel process-
ing to further speed up the above processing.

To achieve the above objects, the present invention pro-
vides an error correction encoding system comprising a
memory for storing information codes in the form of a data
matrix having row addresses and column addresses, a first
error correction encoding means for extracting the informa-
tion codes from the data matrix obliquely and producing a
first error-correcting code word, and a second error correc-
tion encoding means for extracting the information codes
from the data matrix transversely and producing a second
error-correcting code word. Herein, the first error correction
encoding means extracts the information codes in n (n is 2
or a larger integer) row addresses.
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Other object of the present invention is to ensure easy
access to an mnformation memory or a generation matrix

memory, and thus further speed up the foregoing processing
and provide simple circuitry.

To achieve the above object, the present invention pro-
vides an error correction encoding system comprising a
storage means for storing information codes in the form of
a data matrix having row addresses and column addresses.
a first error correction encoding means for extracting the
information codes obliquely from the data matrix existent in
the storage means and producing a first error-correcting code
word, and a second error correction encoding means far
extracting the information codes from the data matrix trans-
versely and producing a second error-correcting code word.
Herein, the first error correction encoding means includes a
memory having only addresses corresponding to the row
addresses of the storage means and storing coefficients for
generating the first error-correcting code word.

According to another embodiment, the present invention
provides an error correction encoding system comprising a
storage means for storing information codes in the form of
a data matrix having row addresses and column addresses,

a first error correction encoding means for extracting the
information codes obliquely from the data matrix existent in
the storage means and producing a first error-correcting code
word, and a second error correction encoding means for
extracting the information codes from the data matrix
obliquely and producing a second error-correcting code
word, wherein the first error correction encoding means
includes a multiplying means for multiplying information
codes by coefficients for use in generating the first error-
-correcting code word, and an accumulating means for accu-
mulating information codes that are members of the same
error-correcting code word as those being output by the
multiplying means. The accumulating means includes a
two-port memory having writing addresses or addresses
corresponding to the row addresses of information codes to
be written, and read addresses or addresses corresponding to
the row addresses of immediately preceding information
codes that are members of the same error-correcting code
word as the information codes to be written are.

The other objects and features of the present invention

will be apparent from the detailed description of embodi-
ments in conjunction with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows an example of a configuration of a data
frame for transmitting a code array;

FIG. 2 shows an example of a configuration of a data
matrix having a plurality of data frames each of which is
shown in FIG. 1 arranged lengthwise;

FIG. 3 shows check points (parity check codes) scattered
among information codes of data frames:

FIG. 4 1s an explanatory diagram for explaining a trans-
mission order for transmitting a data matrix:

FIG. S shows a way of scanning a data matrix obliquely
to extract information codes;

FIG. 6 shows check points for information codes that are

scattered among the information codes extracted as shown in
FIG. 5; -

FIG. 7 1s a block diagram showing an example of a

configuration of a code transmitting system for extracting

information codes obliquely as shown in FIG. 5:;

FIG. 8 shows an example of a configuration of a parity
calculating circuit for extracting information codes
obliquely as shown in FIG. §5;
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6

FIG. 9 shows a way of scanning a data
to acquire information code arrays;

FI1G. 10 is a block diagram showing a configuration of a
code transmitting system as an embodiment of the present
invention;

FIG. 11 1s a schematic showing how the system shown in
FIG. 10 extracts information codes:

FIG. 12 1s a schematic showing how the system shown in
FIG. 10 appends parity check codes;

FIG. 13 shows a data frame transmitted by the system
shown in FIG. 10:

FIG. 14 is a block diagram showing a configuration of a

receiving system for receiving code arrays transmitted by
the system shown in FIG. 10;

FIG. 135 shows how a code transmitting system of the

second embodiment of the present invention produces parity
check codes;

FIG. 16 shows an outline configuration of an outer code

encoding circuit in the second embodiment of the present
invention:

FIG. 17 shows a configuration of an outer code decoding
circuit mated with the encoding circuit of FIG. 16:

FIG. 18 is a block diagram showing a configuration of a

code transmitting system as the third embodiment of the
present invention;

FIG. 19 is a block diagram showing an example of a

configuration of an outer code encoding circuit shown in
FIG. 18;

FIG. 20 shows how the system shown in FIG. 18 extracts
information codes:

FIG. 21 is a block diagram showing a configuration of a
receiving system for receiving code arrays transmitted by
the system shown in FIG. 18 transmits; and

FIG. 22 is a block diagram showing an example of a

configuration of an outer code decoding circuit shown in
FIG. 21.

atrix obliquely

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Embodiments of the present invention will be described in
conjunction with the drawings.

FIG. 10 is a block diagram showing a configuration of a
code transmitting system in an embodiment of the present
invention. 30 denotes an input terminal for inputting infor-
mation codes (for example, image data) to be recorded. 32
denotes a memory in which information codes entered at the
Input terminal are arranged two-dimensionally. 34 is an
address control circuit for controlling access addresses used
for accessing the memory 32. 36 denotes an outer code
encoding circuit. 38 is an inner code encording circuit. 40 is
a synchronism addition circuit for appending synchroniza-
tion data. 42 denotes a mapping encoding circuit, and 44, a
recording circuit for recording data on a recording medium.

FI1G. 4 shows a data matrix in which synchronization data
1s appended to information codes that are arranged in the
memory 32 two-dimensionally. Arrows in FIG. 4 indicate a
code transmission order. Synchronization data appended by
the synchronism addition circuit 40 is illustrated to clarify a
transmission direction. This is also true for FIG. 11.

An outer code encoding circuit 36 extracts and processes
information codes existent in a memory 32 obliquely with
respect to a transmission direction as shown in FIG. 11 while
differentiating even data (having even row addresses) from
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odd data (having odd row addresses), then generates outer
code check points. Then, the generated outer codes are
appended to the trailing ends of data frames (rows).

FIG. 12 shows outer code encoding. Data values having
odd row addresses O, to O, are extracted sequentially as
shown 1n FIG. 12. Then, an outer code encoding circuit 36
generates four parity check codes PO, P1,, P2, and P3,,.
The parity check codes are appended to the trailing ends of
rows as shown in FIG. 12. Similarly, data values having
even row addresses E, to E; are extracted sequentially as
illustrated. Then, four parity check codes P0,, P1,, P2, and
P3 are generated, then appended to the trailing ends of rows
as 1llustrated.

Information codes and outer codes are read from a
memory 32 in the transmission direction (transversely), then
applied to an inner code encoding circuit 38. The inner code
encoding circuit 38 uses the supplied information codes and
outer codes to generate inner codes, then appends the
generated mner codes to the trailing ends of rows (data
frames) as shown in FIG., 13.

In the process of generating outer and inner codes, a
mamipulation of scattering check codes PO to P4 among data
frames can be employed as described in U.S. Pat. No.
4,779,276. This minimizes low-frequency components of
code arrays transmitted and results in a low occurrence rate
of transmission errors.

After the inner code encoding circuit 38 generates and
appends inner-code check codes, a synchronism addition
circuit 40 appends synchronization data as shown in FIGS.
4 and 5. A mapping encoding circuit 42 maps the codes to
suppress low-irequency components. Finally, a recording
circuit 44 records the processed data on a recording medium.

In a code transmitting system having the aforesaid con-
figuration, information codes having odd row addresses and
those having even row addresses can be extracted in parallel
and even obliquely. When parity check codes are appended
to the trailing ends of rows or data frames, parity check
codes generated from the information codes having odd row
addresses can be appended to rows of odd addresses, and
parity check codes generated from the information codes
having even row addresses can be appended to rows of even
addresses. This allows an outer code encoding circuit 36 to
act on fully parallel processing, thus realizing high-speed
processing.

Next, a system for reproducing (receiving) code arrays
recorded by the system shown in FIG. 10 will be described.

FIG. 14 is a block diagram showing a configuration of a
system for reproducing code arrays records on a recording
medium by system shown in FIG. 10. A reproduction circuit
31 reproduces code arrays recorded in the aforesaid order. 33
denotes a synchronism detection circuit, which detects syn-
chronization data in the code arrays and generates clock
signals synchronous with the synchronization data.

A data detection circuit 35 extracts data signals from the
clock signals, and restores original data streams. A mapping
decoding circuit returns the restored data streams into origi-
‘nal code arrays, then inputs the code arrays to an inner code
decoding circuit 39.

The inner code decoding circuit 39 decodes inner codes,
and writes codes whose errors are corrected in a memory 41.
Inner codes are used (o correct errors in data frames and
supply information indicating data frames that contain
uncorrectable errors to an error flag formation circuit 45.

An outer code decoding circuit 43 accesses the memory
41 under the control of an address control circuit 46, decodes
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outer codes, then re-writes codes whose errors have been
corrected using the outer codes in the memory 41. Even in
outer code decoding, check codes and information codes
whose row addresses are odd can be processed indepen-

dently of those whose row addresses are even. Information

indicating whether or not uncorrectable data is present is
supplied with each error-correcting code word to the error

flag formation circuit 45, |
Based on the information sent from the inner code decod-

‘ing circuit 39 and outer code decoding circuit 43, the error

flag formation circuit 45 produces an error flag for each
information code indicating whether or not the information
code 1§ restorable, then outputs the flag at the same time
when another information code 1s read from the memory 41.
Information codes are read from the memory 41 in the order
shown in FIG. 4. An error correction (concealment) circuit
47 corrects (interpolates) errors according to the error flags.

Information code arrays whose errors have been corrected
are supplied via an output terminal 49. An entire sequence
of operations from outer code decoding to error correction
can be done separately from data of even row addresses to
data of odd row addresses. This further speeds up outer code
decoding and error correction.

According to the embodiment described in conjunction
with FIGS. 10 to 14, codes at odd row addresses and those

at even row addresses can be processed independently and
in parallel. When an information code matrix is scanned
obliquely to acquire information codes and outer codes are
produced using the information codes, the encoding and
decoding speeds increase drastically.

In the aforesaid embodiment, information codes are
extracted every other row address. Needless to say, even
when information codes are extracted in units of a (a is 2 or
a larger 1integer) row addresses, the same advantages as those
described so far are available.

The second embodiment of the present invention will be
described next. The second embodiment attempts to further
speed up the operations of an outer code encoding circuit
and an outer code decoding circuit.

The overall configurations of an encoding system and a
decoding system in this embodiment are identical to those
shown 1n FIGS. 10 and 14. The detailed description of the
overall configurations will be omitted. This embodiment is
characterized by an outer code encoding circuit and an outer
code decoding circuit. Their configurations will be described
later.

Computation for parity bit generation according to this
embodiment will be described for a data matrix shown in
FIG. 9. One set I, of codes for which parity bits or
M-symboled main information codes are generated is rep-
resented as:

IIZ(i1,1 i2,1 i3,1 - iM,l)

The second information I, is represented as:

Izz(iz,z ia,z i4,2 - iM,Z il,z)

Error-detecting code words for the first and second infor-
mation are provided as:

X1‘—_(11,1 Ip1 13y - - - 1ppy X171 Xp 0 = = = Xgq)
Xzz(iz,z ia,z i4,2 - iM,z X12 X929 -~ - Xpo i1,2)

where, X, ; 10 X, ; and X, , t0 X, , represents parity bits.
As described previously, a concept of a generation matrix
1s employed under the condition of Xn=In x Gn. A genera-
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tion matrix G; containing I, and X,and a generation matrix
G, containing I, and X, are given by the expressions (4) and
(5) below.

1000 0Py, P Px | @ °
0100 0 P15 Py Pg»
0010 O0P13 P33 Pg3
G =
10
0000 1 Pyp Poy Prum
000 0P Py Pgi1 ()
15
100 O0Pi3 Py Pg2 ()
010 0Pi3P;s Pk (
Gy =
| | 20
000 1 Py Py Pgy O

G, is provided when the starting columns of G, are
relocated at the trailing ends of their rows and the entire
matrix is shifted leftward. That is to say, G, is a result of
reference row manipulation performed on the G, matrix.
The generation matrix G, serving as a reference is stored in
a generation matrix ROM or a coefficient ROM. Every time
a code array is computed to generate outer codes, the
coefficients in G, are shifted and read. Then, information
data is extracted sequentially in the transmission order of the
data matrix.

FIG. 15 shows a data matrix showing the results of
accumulation according to this embodiment. That is to say,
information code arrays are multiplied by outer code gen-
eration coefficients, then the results of the multiplication are
accumulated. Here, a first error-detecting/correcting code
word X, is represented as:

X, = [(imx1+i2,1><0+...+fM_1><0)
(X0 +i)xX1+.. . +iy1x0)...
(X041 X0+, ..+ x1)

(-':1,1 >{PLI + iz,1 XP[_Q + ... I'M,] )4

Piy ... (11X Pri4+131 X
Pra+. ..+ iy X Pyl
» - - M -
= [ i1 ... M1 X (i XPry) ...
x=1

M -
) (II,I >{Fﬁ:,:a:) ]
x=]

A second error-detecting/correcting code word X, is repre-
sented as:
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[(fg_z)(l+.':3_2X0+...+I'M,2K0+
f;TQXO)(f2,2XO+I‘3,2X1+...+fM_2X0+
f1,2><0)... (fz_g)(0+f3,g><0+... fMg}C
1+f1,2><0)(52,2><P1,2+I'3,2><P1_3+...
M2 X Pry+i12XPr1). .. (22X Py +
f3,2 KP;C;_J, - +fM|2 XPkM+ ng X

Pri) (a2 X0+i32 X0+, .. +iygax0+

12X 1)]
- - i M ]
= [ ai3n...iM2 Z (ixaXPay) ...
x=1

M - -
2 (II,Z XPJ:,I)I"LE ]
x=1

Data values on one column forming input information are
multiplied by the same coefficient. That is to say, the same
coefficients are assigned to the same column addresses
(indicating longitudinal locations of an information data
matrix) of information codes. Therefore, a generation matrix
ROM need store only coefficients associated with row
addresses (indicating transverse locations of an information
data matrix) of information codes. Therefore, the generation
matrix ROM must have only a limited capacity. |

FIG. 16 shows a configuration of a main section of an
outer code encoding circuit in the second embodiment.
Components identical to those of FIG. 8 are assigned the
same numerals. The description will be omitted.

An address input terminal 9 is provided with row and
column addresses of information codes an address control
circuit 34 places in memory 22. A row address extraction
circuit 51 extracts row addresses.

In a generation matrix ROM 53, coefficients are stored in
association with the terms of a generation polynominal in
row addresses. The general matrix ROM 53 has a small
capacity, as described above.

Next, a configuration of an outer code decoding circuit 43
in the second embodiment will be described.

After information codes and outer-code check codes are
read from a memory 41, an address control circuit 46 inputs
the read addresses of the read codes to a terminal 61. Row
addresses are extracted from the read addresses by a row
address extraction circuit 65, then supplied to a check matrix
ROM 67. Coefficients for a check matrix read from the
check matrix ROM 67 are multiplied by codes sent through
the terminal 61. Then, an accumulator made up of a delay
circuit 73 an adder 71 handles the multiplied codes to
provide syndromes in association with the check codes.
These syndromes are supplied to an error location/size
detection circuit 75. Then, the locations and sizes of errors
are detected to rewrite information codes in the emory via
the terminal 77.

As described above, according to the present embodi-
ment, only coefficients associated with row addresses need
be stored in a check matrix ROM for decoding. In a system
for extracting information codes obliquely from an infor-
mation code matrix and producing outer codes, the encoding
circuit and decoding circuit can be drastically reduced in
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memory capacity and size. This leads to simple and high-
speed processing.

Next, the third embodiment of the present invention will
be described.

FIG. 18 is a block diagram showing a configuration of an
error correction encoding system according to the third
embodiment of the present invention. 130 denotes an input
terminal for inputting information (for example, image sig-
nals) to be recorded. A mapping encoding circuit 132
establishes the correlations among the information entered at
the input terminal 130 and suppresses low-frequency com-
ponents of the information. The data whose low frequencies
arc suppressed by the circuit 132 is written in a memory 134
to create a data matnix as described previously. The data
matrix stored in the memory 134 i1s read sequentially and
transversely (row by row). Then, the read data is applied to
an outer code encoding circuit 136, an inner code encoding
circuit 138, and a buiter 140.

FIG. 19 shows a detailed circuit configuration of an outer
code encoding circuit 136. In FIG. 19, 150 denotes an input
terminal via which information codes read from a memory
134 are supplied. 152 1s a Galois field multiplier, and 154,
a Galois field adder. 156 denotes a two-port memory. 158
denotes an output terminal for outputting outputs of the
adder 154. Data read from the memory 134 is applied to the
multiplier 152 via the input terminal 150. Thereby, the data
1s multiplied by predetermined coefficients that are defined
In a generation matrix, then applied to the adder 154. With
the input codes of a row on a two-dimensional array, the
two-port memory 156 outputs the results of adding code
values of the preceding row to the adder 154. The results of
the addition the adder 154 provides are re-stored in the
two-port memory 156.

160 denotes a terminal for inputting read address infor-
mation retrieved from the memory 134. A memory 162 for
storing generation matrix coefiicients provides the multiplier
152 with the generation matrix coefficients associated with
the read addresses retrieved from the memory 134.

Next, writing addresses and read addresses of a two-port
memory 156 will be described in conjunction with FIG. 20.
The transverse addresses of all columns of a code array that
extends obliquely as indicated with circles in FIG. 20 are
used as writing addresses. Row addresses of the preceding
array are used as read addresses. Using these writing and
read addresses, data is written or read in or from the two-port
memory. Thus, oblique scanning permits generation of outer
code check points.

To be more specific, when information codes multiplied
by coefficients are supplied to an adder 154, the writing
addresses for writing the two-port memory 156 are row
addresses read from a memory 134. The row addresses are
provided by a row address generation circuit 164,

Therefore, the results of addition the adder 154 provides
are written at the addresses in the two-port memory 156 that
correspond to the row addresses of information codes in a
data matrix.

On the other hand, read addresses used at this time are row
addresses in the data matrix of information codes that are
included in the preceding data frame (array) and members of
the same outer-code code word as the information codes
currently read from the memory 134 are. When information
codes are extracted as shown in FIG. 20, a decrementing
device 166 1s used to decrement the writing addresses. When
a writing address is 1, the corresponding read address shall
be n.

Thus, information codes forming a code word are multi-
plied by generation matrix codes. The resultant values are
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added up sequentially by the adder 154. When the adder 154
repeats addition by a predetermined number of times deter-
mined with a generation matrix, check codes are generated.
The generated check codes are supplied via the output
terminal 158. The outer-code parity check codes thus gen-
erated are applied to a synchronism addition circuit 146 via
a buffer 142.

An inner code encoding 138 generates and outputs inner
code check points according to a well-known procedure. The

“generated inner code check points are applied to the syn-

chronism addition circuit 146 via a buffer 144. The synchro-
nism addition circuit 146 is configured by replacing the
two-port memory 156 in the circuit shown in FIG. 19 with
a one-data delay circuit.

The synchronism addition circuit 146 is prowded with
information codes read from the memory 134 via a buffer
140 according to the order shown in FIG. 4. The synchro-
nism addition circuit 146 appends synchronization codes to
information codes, outer-code parity check codes, and inner-
code parity check codes, which are arranged in a predeter-
mined order, in data frames. A recording circuit 148 records

outputs of the synchronism addition circuit 146 on a mag-
netic tape, magnetic disk, optical disk, or other recording
medium.

As described previously, according to an encoding system
in this embodiment, a memory 134 can be read in the order
shown in FIG. 4. Although information codes are extracted
obliquely, read addresses of the memory 134 can be speci-
fied very easily.

Information codes can be supplied in the same order to an
inner code encoding circuit 138 and to an outer code
encoding circuit 136. Inner codes and outer codes can be
encoded in parallel, thus realizing high-speed processing.

Next, a decoding circuit mated with an encoding circuit
shown in FIGS. 18 and 19 will be described.

FIG. 21 shows an outline configuration of an entire
reproducing system mated with a recording system shown in
FIG. 18. In FIG. 21, 80 is a reproduction circuit for repro-
ducing information and check code arrays from a recording
medium. 82 denotes a synchronism detection circuit, which
detects synchronization data in the code arrays and generates
clock signals synchronous with the synchronization data.

A data separation circuit 84 extracts data with the clock
signals and restores original code arrays. The restored code
arrays are written at addresses specified as shown in FIG. 4
in memory 87. Information codes and parity check codes of
inner and outer codes are read from the memory 87 similarly
to the order for writing or the order shown in FIG. 4. Then,
the read codes are supplied to an inner code decoding circuit
86 and an outer code decoding circuit 88 in parallel.

An inner code decoding circuit multiplies information
codes and inner-code parity check codes by coefficients
defined in a check matrix. Then, an accumulator made up of
a one-data delay circuit and an adder calculates inner-code
syndromes. Based on the syndromes, errors of information
codes existent in a memory 87 are corrected.

On the other hand, an outer code decoding circuit 88 has
a configuration shown in FIG. 22. Read addresses of a
memory 87 are supplied via a terminal 110, then read
information codes and parity check codes are supplied via
the terminal 110. In a check matrix coefficient memory,
coeflicients are fetched from the check matrix according to
the read addresses. Then, the fetched coefficients are sup-
plied to a multiplier 102. The outputs of the multiplier 102
are fed to an accumulator made up of an adder 104 and a
two-port memory 106.

Herein, addresses corresponding to read row addresses of
the memory 87 are used as writing addresses of the two-port
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memory 106. The row addresses are provided by a row
address extraction circuit 114. The read addresses are read
row addresses of information codes or parity check codes
that are located in the preceding array (data frame) and
members of the same code word as the information codes or
parity check codes read from the memory 87 are. To produce
a code word shown in FIG. 20, a decrementing device 116

must be used to decrement the outputs of the row address
extraction circuit 114,

An adder 104 provides syndromes in association with
check codes. These syndromes are supplied to an error
location/size detection circuit 108. Then, the locations and
sizes of errors are detected to rewrite information codes in

the memory 87 via a terminal 118.

The information codes whose errors have been corrected
are read from the memory 87 in the order shown in FIG. 4,
then supplied to an error correction circuit 92. Based on the
information sent from the inner code decoding circuit 86 and
outer code decoding circuit 88, a flag generation circuit 90
outputs an error flag at the same time when data containing
an uncorrectable error is read from the memory 87. With the
error flag, the error correction circuit 92 replaces an uncor-
rectable information code with other code and thus com-
pletes correction. Corrected information code arrays are
supplied via an output terminal 94.

As described previously, in a system according to the third
embodiment of the present invention, outer codes are pro-
duced by scanning an information code matrix obliquely.
Herein, inner code encoding and outer code encoding, and
inner code decoding and outer code decoding alike can be
performed in parallel. Thus, high-speed processing is real-
1zed. Writing and read addresses of a main memory are all
specified in the order of addresses in a data matrix of
Information codes. Consequently, address management
becomes very easy. This helps realize a simple system
design and high-speed processing.

What is claimed is:

1. An error correction encoding device comprising:

a memory for storing information codes in a form of a
data matrix having row addresses and column
addresses;

first correction encoding means for reading the informa-
tion codes from the memory and producing a first
error-correcting code word composed of the informa-
tion codes extracted from the data matrix and first
parity check codes generated by using the information
codes, said first error correction encoding means
extracting the information codes from addresses which
have different column addresses and only one of every
adjacent n row addresses (where n is 2 or a larger
integer) on the data matrix; and

second error correction encoding means for extracting the
information codes from the data matrix in the row
direction thereof and producing a second error-correct-
ing code word composed of the information codes
extracted from the data matrix and second parity check
codes generated by using the information codes, said
second error correction encoding means extracting the
information codes from addresses which have the same
column address on the data matrix.

2. A device according to claim 1 wherein said first error
correction encoding means outputs an odd code word com-
posed of odd parity check codes and only information codes
whose row addresses are odd and an even code word
composed of even parity check codes and only information
codes whose row addresses are even as said first error-
correcting code word.
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3. A device according to claim 2 wherein said first error
correction encoding means writes the odd parity check codes
at only odd row addresses in the memory, and the even parity
check codes at only even row addresses in the memory.

4. A device according to claim 1 wherein said first error
correction encoding means writes the first parity check
codes at row addresses larger than those of the information
codes in the memory, and the memory reads the information
codes and the first parity check codes in order of row
addresses in units of a data frame including a plurality of

information codes and parity check codes whose column
addresses are the same.

3. A device according to claim 4 wherein said second error
correction encoding means writes the second parity check
codes at row addresses larger than those of the first parity
check codes in the memory.

6. A code transmitting apparatus comprising:
input means for inputting information codes:

a memory for storing the information codes entered at
said input means in a form of a data matrix having row
addresses and column addresses, said memory writing
the information codes sequentially every row of said
data matrix:

error correction encoding means for reading the informa-
tion codes from the memory and producing an error-

correcting code word composed of the information
codes extracted from the data matrix and parity check
codes generated by using the information codes, said
error correction encoding means extracting the infor-
mation codes from addresses which have different
column addresses and only one of every adjacent n row
addresses (wherein n is 2 or a larger integer) on the data
matrix; and

transmitting means for transmitting the information codes

and the parity check codes forming the error-correcting
code word produced by said error correction encoding
means in units of a data frame including a plurality of
information codes whose column addresses in said
memory are the same.

7. An apparatus according to claim 6 further comprising
code converting means for converting said information
codes into codes whose low-frequency components are
suppressed by utilizing correlations among the information
codes.

8. An apparatus according to claim 6, wherein said
transmitting means includes a synchronism addition means
for appending synchronizing code to leading ends of said
data frames.

9. An apparatus according to claim 6 wherein said trans-
mitting means includes another error correction encoding
means for producing another error-correcting code word in
units of the data frame.

10. An error correction code decoding device, comprising:

a memory for storing first and second check codes and
information codes composing first and second error-
correcting code words in a form of a data matrix having
row addresses and column addresses, the information
codes and first check codes, composing the first error-
correcting code word, being stored in addresses which
have different column addresses and only one of every
adjacent n row addresses on the data matrix, and the
information codes and second check codes, composing
the second error-correcting code word, being stored in
addresses which have the same column addresses on
the data matrix;

second error correcting means for reading the information
codes and the second check codes from the memory
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and correcting errors of the information codes, said
second error correction means extracting the informa-
tion codes from addresses which have the same column
address on the data matrix; and

first error correcting means for reading the information
codes and the first check codes from the memory and
correcting errors of the information codes, said first
error correcting means extracting the information codes
from addresses which have different column addresses
and only of every adjacent n row addresses (where n is
2 or a larger integer) on the data matrix. |
11. A system device according to claim 10 wherein the
first error-correcting code word includes an odd code word
produced using only information codes whose row addresses
are odd and an even code word produced using only infor-
mation codes whose row addresses are even, and said first
error correction means processes the odd code word and the
even code word in parallel.
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12. A code receiving apparatus, comprising:
input means for inputting check codes and information

codes forming an error-correcting code word;

a memory for storing the check codes and the information

codes input from said input means in a form of a data
matrix having row addresses and column addresses,
said memory writing the check codes and the informa-
tion codes in units of a row of the data matrix; and

error correcting means for reading the check codes and

the information codes from the memory and correcting
errors of the information codes, said error correcting
means extracting the information codes from addresses
which have different column addresses and only one of
every adjacent n row addresses (where n is 2 or a larger
integer) on the data matrix.

* Kk ok kK
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